A novel bacterial strain DCY53
The members of the genus Bacillus are aerobic or facultatively anaerobic, Gram-reaction-positive, endospore-forming and rod-shaped. Bacillus species have been discovered from diverse environmental habitats, including those that are alkaline (Nielsen et al., 1995; Nogi et al., 2005) , acid (Albert et al., 2005; Wisotzkey et al., 1992) , saline (Lee et al., 2006) ; high temperature (Caccamo et al., 2000) and low temperature (Logan et al., 2000) . At the time of writing, .100 species and subspecies are recognized in the genus Bacillus (http:// www.bacterio.cict.fr/b/bacillus.html). During the course of investigating bacterial diversity in soil from ginseng fields by culture-dependent methods, a large number of bacteria were isolated. Members of at least 30 bacterial genera were found, including Arthrobacter, Achromobacter, Bacillus, Brevibacillus, Chryseobacterium, Delftia, Enterobacter, Epilithonimonas, Erwinia, Ewingella, Flavobacterium, Flexibacter, Klebsiella, Labrys, Microbacterium, Methylobacterium, Mucilaginibacter, Pedobacter, Polaromonas, Pseudomonas, Pusillimonas, Raoultella, Rhodococcus, Serratia, Solimonas, Sphingobacterium, Sphingomonas, Sphingopyxis, Stenotrophomonas and Weissella. In this study, we attempted to describe strain DCY53 T , a novel strain of the genus Bacillus.
Soil, pH 5.6, was collected from a 6-year-old ginseng field in the Republic of Korea (Pocheon Province; 37 u 899 770 N 127 u 299 220 E). The soil was thoroughly suspended in sterilized water, and following serial dilution, was then spread onto a modified R2A medium (one-fifth R2A). The plates were incubated at 30 u C for 5 days. Single colonies were purified by subculture. Strain DCY53
T was found to form smooth and circular colonies. They were routinely cultured on R2A agar at 30 u C and maintained as a glycerol suspension (25 %, v/v) at 270 u C.
Cell morphology was observed with Nikon light microscope (61000 magnification) and transmission electron microscopy (LEO912AB; Carl Zeiss) at 100 kV under standard operating conditions (Fig. S1 , available in IJSEM Online). Motility was tested on R2A broth supplemented with 0.2 % agar (Weon et al., 2008) . Endospores were stained with malachite green (Prescott & Harley, 2001 ) and observed with an Imager.Z1 fluorescence microscope (Carl Zeiss) equipped with an MRc5 digital CCD camera (AxioCam). The Gram type of the cell was analysed by the non-staining method as described by Buck (1982) . Anaerobic growth was tested by incubating cultures on R2A plates in a GasPak EZ (BD) for 14 days at 30 u C. Oxidase activity was detected by the oxidation of 1 % pamino dimethylaniline oxalate according to the instructions of the manufacturer (Sigma). Catalase activity was determined by observation of bubble production after adding 3 % (v/v) H 2 O 2 solution. Growth in R2A broth at various temperatures (4, 10, 15, 25, 30, 37, 42, 45, 47 and 50 u C) was monitored for 7 days. Different initial pH values (4210 at intervals of 0.5 pH units) were checked in R2A broth after 5 days incubation; pH values were adjusted by using the following buffers: citric acid/sodium citrate (pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 /NaHCO 3 (pH 8.0-10.0) and Na 2 HPO 4 /NaOH (pH 10.0) (Gomori, 1955) . Salt tolerance was assessed in R2A broth supplemented with 1-10 % (w/v) NaCl for 5 days. Growth was investigated on nutrient agar (NA), MacConkey agar and trypticase soy agar (TSA). Hydrolysis of starch and casein was checked (Prescott & Harley, 2001 ). Physiological and biochemical characteristics were further determined with API 20NE, ID 32GN and API ZYM. API tests were performed according to the instructions of the manufacturer (API bioMérieux). Antibiotic susceptibilities were checked according to the conventional Kirby-Bauer method (Prescott & Harley, 2001 ). The following antibiotics were tested: tetracycline (30 mg), neomycin (30 mg), erythromycin (15 mg), vancomycin (30 mg), novobiocin (30 mg), cefazolin (30 mg) and oleandomycin (15 mg).
The 16S rRNA gene was amplified from the chromosomal DNA of strain DCY53 T using the universal bacterial primer set, 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1512R (59 -TACCTTGTTACGACTT-39) and the purified PCR products were sequenced by Genotech (Daejeon, Korea) (Kim et al., 2005; Weisburg et al., 1991) . The partial sequences of the 16S rRNA gene were compiled with SeqMan software and edited using the BioEdit program (Hall, 1999) and then was uploaded on the EzTaxon server to determine the pairwise similarity of the nearly complete 16S rRNA gene sequences by performing the identity analysis (Chun et al., 2007) . 16S rRNA gene sequences of closely strains were collected from NCBI (http://www.ncbi. nlm.nih.gov) and were then aligned by using the program CLUSTAL_X (Thompson et al., 1997) and the Kimura twoparameter model (Kimura, 1983) . A neighbour-joining tree (Saitou & Nei, 1987) with nodes recovered in the maximum-parsimony tree (Fitch, 1971) , was constructed using MEGA4 (Tamura et al., 2007) . Bootstrap analysis with 1000 replicates was also conducted in order to obtain confidence levels for the branches (Felsenstein, 1985) . Based on 16S rRNA gene sequence similarity ( Fig. 1 T (90.6 %).
To determine DNA G+C content (mol%), the genomic DNA was extracted and purified with the Genomic DNA Isolation kit (Core Bio Systems). It was degraded into nucleosides by P1 nuclease and alkaline phosphatase enzymes. The G+C content was determined by the method of Mesbah et al. (1989) using a reverse-phase HPLC column (YMC-Pack Pro C18 RC, 15064.6 mm internal diameter).
For chemotaxonomy, strains were grown in R2A broth at 30 u C, shaken at 150 r.p.m. for 36 h. Cells were harvested by centrifugation at 8000 g for 15 min at 4 u C and freezedried. Isoprenoid quinone was extracted from 100 mg freeze-dried cells and analysed using HPLC (Hiraishi et al., 1996) with YMC-Triart C18 columns (25064.6 mm internal diameter). The cells were extracted with chloroform : methanol (2 : 1, v/v), separated by using hexane and eluted with hexane : diethyl ether (98 : 2, v/v). The eluent was evaporated and quinone was dissolved in acetone. Polar lipids were examined by two-dimensional TLC (Minnikin et al., 1984) . Freeze-dried cells were suspended in methanol : water (10 : 1, v/v) and stirred. Then 2 ml petroleum ether was added. After centrifugation at 1500 r.p.m. using a 3735 g swing rotor, the upper layer was removed. The lipid residues were extracted twice with chloroform : methanol : water (first extraction 90 : 100 : 30, by vol.; second extraction 50 : 100 : 40, by vol.) and supernatants was collected. Chloroform (1.3 ml) along Fatty acids were extracted, methylated and separated by gas chromatography, and identification of the methyl esters were conducted by using the TSBA library (version 6.1), Sherlock Microbial Identification System (MIDI) as described by Sasser (1990) . The cells using for determining fatty acids were grown on R2A at 30 uC for 36 h.
For MALDI-TOF/MS bacterial profiling, strain DCY53 T and B. pocheonensis KCTC 13943 T were cultivated on R2A agar for 18 h at 30 u C and then the samples were prepared as described previously (Mellmann et al., 2008) . Measurements were performed with a Microflex LT bench-top mass spectrometer (Bruker Daltonik) equipped with a 60 Hz nitrogen laser [parameter settings: ion source1 (IS1), 20 kV; IS2, 18.5 kV; lens, 8.5 kV; detector gain, 2.650 V; and gating, none]. Spectra were recorded in the positive linear mode for the mass range of 2000-20 000 Da at maximum laser frequency, and analysed using the MALDI Bio typer 2.0 software package (Bruker Daltonik) with default settings. The whole process, from MALDI-TOF/MS measurement to identification was performed automatically, without any user intervention.
To confirm that strain DCY53
T differed from closely related species, DNA-DNA hybridization was performed. Hybridization experiments were conducted fluorometrically by the method of Ezaki et al. (1989) with five replications.
Strain DCY53
T was strictly aerobic, motile with lophotrichous flagella (Fig. S1) , endospore-forming, Gramreaction-positive, catalase-and oxidase-positive and had rod shaped cells. Spores were located centrally (Fig. S2) . Colonies grown on R2A agar plates were smooth, circular, white and 1.5-3 mm in diameter. No growth occurs at NaCl concentrations above 2 %. Physiological and biochemical characteristics of strain DCY53
T are summarized in the species description and a comparison of selective characteristics with related type strains is shown in Table 1 . There are some contrasting characteristics between DCY53 T and the most closely related strain B. pocheonensis KCTC 13943 T , strain DCY53 T is motile and utilizes maltose, L-proline, lactic acid and L-alanine. In comparison with B. bataviensis LMG 21833 T , strain DCY53 T does not grow under anaerobic condition; does not hydrolyse gelatin and urea and does not utilize Lhistidine. The G+C content of strain DCY53
T was 43.6 mol%, which lies within the range of the genus Bacillus (Shida et al., 1997) . The predominant isoprenoid quinone of strain DCY53
T was MK-7 which is the major Collins & Jones, 1981) . The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine and an unidentified lipid (Fig. S3) . The fatty acid profile of the isolate was examined (Table 2) . Strain DCY53 T contained large amount of iso-and anteisobranched fatty acids: iso-C 14 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 which are typical of members of the genus Bacillus (Kämpfer, 1994) . B. subtilis KACC 10854
T differed from strain DCY53
T as it contained smaller amount of iso-C 14 : 0 but a larger of anteiso-C 17 : 0 . The spectra from MALDI-TOF/MS of strains are shown in Fig. S4 . Different peaks for strain DCY53
T and strain B. pocheonensis KCTC 13943
T in the ranges of 3000-4000 and 7000-8000 m/z were observed. (Table S1) . These values are low enough for strain DCY53
T to be classified as a member of a distinct species (Wayne et al., 1987) .
On the basis of data obtained using the above polyphasic approach, strain DCY53
T represents a novel species of the genus Bacillus, for which the name Bacillus ginsengisoli sp. nov. is proposed.
Description of Bacillus ginsengisoli sp. nov.
Bacillus ginsengisoli (gin.sen.gi.so9li. N.L. n. ginsengum ginseng; L. n. solum soil; N.L. gen. n. ginsengisoli of soil of a ginseng field, the source of the organism).
T is Gram-reaction-positive, endosporeforming, aerobic, motile with lophotrichous flagella, rodshaped (1.266.5 mm), catalase-and oxidase-positive. Growth occurs at 15-45 uC with an optimum temperature of 30-37 u C. The pH range for growth is 4.5-8.5 and the optimum pH about 6.0-7.5. Growth occurs on NA but not on TSA and MacConkey agar. Colonies are circular, smooth and white pigmented with a colony diameter of 1.5-3 mm after growth on R2A agar at 30 u C for 3 days. No growth occurs at NaCl concentrations above 2 %, optimal growth occurs without the addition of NaCl. The cells are sensitive to penicillin G, tetracycline, erythromycin, vancomycin, cefazolin and oleandomycin. Reduction of nitrate to nitrite and hydrolysis of aesculin and starch are positive but hydrolysis of urea, gelatin and casein are not. The biochemical conversion of tryptophan is not observed. Assimilates D-glucose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, sucrose, lactic acid, Lalanine, glycogen, 3-hydroxybenzoic acid, 3-hydroxybutyric acid and L-proline but not L-arabinose, L-rhamnose, Dribose, inositol, melibiose, L-fucose, D-sorbitol, potassium gluconate, adipic acid, trisodium citrate, phenylacetic acid, capric acid, itaconic acid, suberic acid, valeric acid, propionic acid, 4-hydroxybenzoic acid, sodium malonate, sodium acetate, potassium 5-ketogluconate, L-serine, salicin, L-histidine and potassium 2-ketogluconate. In the API ZYM test, production of alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and weak b-glucosidase are observed, but not lipase (C14), trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The major fatty acids are iso-C 14 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine and an unidentified lipid.
The type strain, DCY53
T (5KCTC 13945 T 5JCM 17335 T ) was isolated from a ginseng soil in the Republic of Korea. The G+C content of the genomic DNA of strain DCY53 T is 43.6 mol% and the predominant respiratory quinone is MK-7.
